Introduction
The overall structure of the Southwest Pacific region can be summarised as resulting from successive openings of marginal basins that isolated ridges of either continental, oceanic or intermediate nature since _the late Cretaceous.
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1. The South-Fiji and North-Loyalty basins flank the Loyalty Ridge to the southeast and to the northwest respectively, except near 22" S-169" E where the Loyalty Ridge collides with the southern New Hebrides Arc (Monzier et al., 1990) . The New Hebrides Arc has been active since the late Miocene (MacFarlane et al., 1988) . The South-Fiji Basin probably represents the southeastern extension of the North-Loyalty Basin (Collot er al., 1985) . 2. The 1,000 km-long, 25 km-thick Loyalty Ridge that bounds the Loyalty'Basin to the east, is made up of Oligocene (34-26 Ma) submarine alkaline volcanic rocks (Monzier, 1993) , and of alkaline basalts dated 9-1 1 Ma (Baubron et al., 1976 ) that outcrop on Maré Island. During the Pleistocene, the lithospheric swell on the subducted Australian plate caused the uplift of the Loyalty Ridge (Dubois et al., 1974) . In the vicinity of the Loyalty Ridge -New Hebrides Arc collision zone, sparse shallow seismicity on the subducting Australian plate reveals the activity of normal faults north and south of 22" S (Monzier, 1993). However, this author provided evidence for a W-E sinistral offset of the magnetic lineations of the Loyalty Ridge near 21'55' S. The sole known strike-slip focal mechanism on the Australian plate lies near 21'30' S, east of Maré Island, and shows a dextral component (Monzier, 1993) . On the overriding Pacific plate, between 21'50' S and 22'10' S, the author reports a group of earthquakes with W-E sinistral strike-slip focal mechanisms. The origin of the Loyalty Ridge is still much debated (Kroenke, 1984; Monzier, 1993; Dupont et al., 1995) . (1972 ), Mobil Oil (1972 ), Austradec I (1972 , and during scientific cruises Nova (Scripps Institution, 1965-67) , Kimbla and Coriolis (1970-71) , Georstom I and II (1973-19741, and Eva I, II, VI and VI1 (1976-78) . In spite of the amount of data collected, a few publications have presented in an exhaustive way the structure and the history of the Loyalty Basin and its margin (Bitoun et Récy, 1982; Pontoise et aZ., 1982; Collot er al., 1982; Ravenne et al., 1982) . Seismic reflection and refraction data indicated that the structure of the Loyalty Basin was established after the obduction, in the upper Eocene, of the ophiolite nappe on the Nor-folWNew Caledonia Ridge. Originally, the ophiolite nappe and the substratum of the basin, a 17 km-thick Eocene oceanic crust (Weissel et al., 1977) were continuous. The Loyalty Basin is filled by post-Oligocene sediments (Ravenne et al., 1982) . Bitoun et Récy (1982) , identified from seismic reflection data, WSW-ENEtrending rises of the acoustic basement that they interpret as aseismic fracture zones that crosscut the Loyalty Basin and Ridge. The Norfolk/New Caledonia Ridge, that connects to the south with the New Zealand North island. The N150" E northern segment of the ridge, or New Caledonia Ridge, was overthrusted in the late Eocene by the Caledonian ophiolites (Paris, 198l) , and was then affected by a late Pliocene subsidence phase (Daniel et al., 1976) . During the late Miocene-Pliocene, a general uplift phase affected the New Caledonia region (Paris, 1981) . Alkaline basaltic volcanism affected the eastern flank of the Norfolk Ridge 20 my ago (Daniel et al., 1976) . New bathymetric and geophysical data were collected during the ZoNéCo 1 (26 June-I5 July, 1993) and ZoNéCo 2 (02-22 August, 1994) cruises aboard R N L'Atalante. Equipped with the EM 12 Dual multibeam system, seismic reflection, magnetic and gravimetric equipment, L'Atalante performed two swath bathymetric and geophysical surveys. southeast and northwest of the Loyalty-New Hebrides collision zone between [23] [24] [25] [18] [19] [20] [21] [22] respectively (Figure 2) . This set of new data supports a detailed morphostructural study of the southern and northern segments of the Loyalty system, the Loyalty system being made of the Loyalty Basin and the Loyalty Ridge. A new interpretation in terms of active collision between the Loyalty Ridge and the New Hebrides Arc is proposed.
The Loyalty

Data Acquisition
MULTIBEAM BATHYMETRY AND ACOUSTIC IMAGERY
The Simrad EM 12 Dual multibeam system aboard R N L'Atalante allows a swath up to 20 km-wide to be mapped in one single pass, with both bathymetry and side-scan imagery. The EM 12 Dual system operates at a frequency of 13 kHz, and consists of two separate multibeam echosounders (one to port and one to starboard), each generating 81 stabilised beams that provide a coverage up to seven times the water depth. The determination of energy and phase of the backscattered signal provides detailed bathymetry within the swath and displays a sonar image of the seabed reflectivity, both geometrically and bathymetrically corrected.
SEISMIC REFLECTION
A six-channel seismic system was used, with 2 GI airgun sources that do not interfere with the EM 12 Dual echo sounder. This system allows a penetration of about 2.5 sec. TWT through sediments, when it is used at 10 knots. Sodera GI guns comprise a pulse generator and a bubble suppressor that fully suppress the oscillations of each individual bubble. The GI guns preserve the primary pressure pulse while eliminating the secondary pulse through precise tuning of an air injection within the bubble.
MAGNETICS
Magnetic data were acquired at a 6 sec sampling interval using a Barringer M-244 proton magnetometer, towed 280 meters astern the ship. Magnetic anomalies were computed by subtracting the IGRF 90 from the measured total field. but not corrected for diurnal variations. As the accuracy of the magnetometer is equal to about 0.5 nT, cross-over errors are mainly due to diurnal variations. lineaments across the Loyalty Ridge and the Norfolk / New Caledonia Ridge, respectively. f: -.'.? 5 " ,, 1 O00 m-deep Norfolk/New Caledonia Ridge. The ridge is composed of a shallow (1,000 to 1,500 m deep) plateau dotted with seamounts that culminate at 200 m. The plateau deepens to the south to reach 2,000 m depth. South of 24'10' S, the plateau has the form of a series of elongated and sigmoidal volcanic ridges that trend NNW-SSE, N-S and SSW-NNE. South of 24" S, these ridges are crosscut by WSW-ENE-trending lineaments (A' to E') ( Figure 3 ). 2. The N 160" E-trending southern part of the Loyalty Basin, 2,000 to 2,500 m deep, is characterised by a smooth topography. The Loyalty Basin deepens and widens southward, south of the WSW-ENE-trending lineament B centred at 24'10's. South of this transverse lineament, the basin splits into two 2,500 m-deep, NNW-SSE depressions located west and east of a parallel central high threshold that ends south of 25' 10' S. 3. The N160" E-trending Loyalty Ridge is made of elongated and tabular structures or guyots that culminate at 1,000 m, and of seamounts that locally cap the guyots. The ridge is discontinuous, being made of segments that trend SSW-NNE, NNW-SSE, WSW-ENE. It is crosscut south of 23"35'S, by WSW-ENE lineaments (A to G) ( Figure 3 ). 4. To the east, the northwestern corner of the South-Fiji Basin is characterised by a water depth of 4,000 m. At 23"40 S and 24"20' S in the basin there are two WSW-ENE volcanic features that culminate at 1,000 m.
hlagrzeric Data 1
The magnetic anomaly map of the Southern Box confirms the main structures and trends that characterise the southern parts of the NorfoWNew Caledonia Ridge and the Loyalty system in the study area ( Figure 4 ): 1. To the west. the submerged part of the NorfolWNew Caledonia basement is characterised by N 170" E to N-S elongated magnetic anomalies, with peak to peak values in the range of +200 to +300 nT. 2. The Loyalty system is characterised by NNW-SSE magnetic anomalies. The magnetic pattern of the Loyalty Basin comprises a series of parallel magnetic highs and lows that range between -200 and +200 nT. The magnetic signature of the Loyalty Ridge shows highs that reach a maximum of +400 nT. These NNW-SSE-trending magnetic highs are sinistrally offset along the ridge by WSW-ENE to W-E-trending faults. To the west, the WSW-ENE faults extend:
from 25" S-168" E to 24' S-170" E, where the transverse fault delimits the northern end of the Loyalty Basin central high and offsets the eastern margin of the Norfolk/New Caledonia Ridge;
from 25'50' S-169" E to 25'10' S-170"30' E, where the transverse fault offsets the NNW-SSE magnetic lineations of the central high and the eastern depression of the Loyalty Basin. 3. To the east, the western edge of the northwestern corner of the South-Fiji Basin contains diffuse WSW-ENE and NW-SE magnetic anomalies.
Seismic Reflection Data
Seismic reflection data reveal that the southern ends of both the Norfolk/New Caledonia and the Loyalty ridges are made of guyots and seamounts. The generally NNW-SSE-trending Loyalty Ridge is made of a succession of guyots locally capped by uneroded seamounts, as shown on seismic line PI 6 on the eastern flank of the Loyalty Ridge ( Figure 5 ). The guyots of the Loyalty Ridge trend NNW-SSE, SSW-NNE and NW-SE, their changes of direction occurring within WSW-ENE-trending grabens bounded by normal faults that delimit the guyots ( Figure 5 ). These fault sets (A to F) bound the Loyalty Ridge guyots, suggesting that the graben areas may represent potential weak zones that have underwent recurrent faulting.
On the eastern flank of the Norfolk/New Caledonia Ridge, WSW-ENE-trending lineaments B', C' and D' are interpreted as strike-slip faults that sinistrally offset both the western Loyalty Basin and the eastern edge of the NorfolWNew Caledonia Ridge. The latter is dominated south of 24" S by elongated and sigmoïdal volcanic ridges made of seamounts.
Our interpretation of the seismic reflection data. coupled with petrological data (Daniel er al., 1976; Monzier, 1993) , and the chronology of vertical movements that affected the region (Paris, 1981) . enable us to associate the two types of volcanic structures (i.e. guyots and seamounts), with two distinct volcanic phases. The first volcanic phase, that created the guyots of the Norfolk/New Caledonia and Loyalty ridges, probably correspands to the submarine alkaline phase dated Oligocene-early Miocene by Daniel ef a/. (1976) and Monzier (1993) . The alkaline volcanic substratum might have become emergent during regional late Miocene-Pliocene uplift (Paris, 198 1 ) . The guyots that resulted from this uplift might then have subsided during late Pliocene regional subsidence (Daniel rf al., 1976) . The second volcanic phase, that gave rise to the uneroded seamounts, likely post-dated the late Miocene-Pliocene general uplift phase (Paris, 1951) . 3.1.4. Ititerpretntion of the Structiiid Mcip 1. The structural map that results from the interpretation of seismic reflection and magnetic data ( Figure 6 ), reveals that WSW-ENE-trending strike slip faults sinistrally offset both the Loyalty system, and the NorfolklNew Caledonia Ridge.
The structural map allows to define the relative ages of the fault sets: ' reefs ( Figure 7 ) are made of guyots and seamounts. The Loyalty Ridge can be divided, north and south of 20"10' S, into a N 135" E-trending segment and a N125" E-trending segment, respectively.
Magnetic Data
The magnetic anomaly map of the Northern Box confirms the main structures and trends that characterise the northern part of the Loyalty system. From east to west (Figure 8 where it bends to the west, represents the signature of the southern part of the basin. To the southwest, a N 130" E magnetic high that reaches a maximum of + 300 nT near 21"30' S underlines the western edge of the southern part of the basin.
Seismic ReJectioii Dafa
Seismic reflection data reveal the asymmetric morphology and structure of the Loyalty system. The Loyalty Ridge and its submarine northern extend sion can be divided, north and south of 2O"lO' S, into:
a N 135" E-trending northern segment, made up of NNW-SSE-trending guyots that culminate at 800 m. They are bounded north and south by WSW-ENE faults, and west and east by NNW-SSE and NW-SE-trending normal faults, respectively. The NNW-SSE-trending highs are tilted toward the east, as shown on seismic line P37 that crosses the eastern flank of the Loyalty Ridge (Figure 9 ). All along the Loyalty Ridge, the guyots and their bounding faults reflect a horst and graben structure;
a N 125" E-trending southern segment, bounded west and east by " W -S S E and NW-SE-trending scarps, respectively. Between the outcropping islands, like in the northern segment, the main structural features trend NNW-SSE and are locally offset by WSW-ENE-trending faults. Within the Loyalty Basin, the seismic data reveal the difference of structure of the basin north and south of the northeastward-deepening extension of the 20'40' S high. Seismic line P75-1 shows the along-strike structure of the Loyalty Basin ( Figure 10) . The 2200 mdeep, N 125" E-trending southern part of the basin is filled by sediments that reach a maximum thickness of 3.5 sec. TWT, whereas in its deeper (3000 to 3700 m) northward-dipping N 135" E-trending northern part, the sedimentary filling is less than 2 sec. TWT ( Figure  10) . The structural 20"40' S, SW-NE-trending high is bounded to the north by a WNW-ESE scarp that delimits the deep. faulted central part of the Loyalty system, and to the south, by a NNW-SSE scarp. South and north of the 20"40' S high, five main acoustic basement upraises occur (Figure 1 O) . The southern upraises (Y, underlain to the channel in the Loyalty Basin west of Ouvéa, and southeast of fault Z on Figures 10 and   11 ) trend NNW-SSE. To the north. acoustic high U trends WNW-ESE (Figures 10 and 11) . The two northernmost acoustic basement upraises (X and S on Figure 10 ) are cropping-out to the surface at 20'05' S and 19'55' S. along a small N 135" E-trending ridge and a volcano (Figure 11 ) that culminate at 2400 m and 1720 m, respectively. The 30'05' S upraise deepens eastward within the Loyalty Basin.
Interpretation of the Structural Map
The structural map (Figure 11 ) allows to define the relative ages of the fault sets: 1. The NW-SE direction, that parallels the general trend of New Caledonia, the Loyalty system, the western edge of the North-Loyalty Basin, characterises the New Caledonia-Loyalty Basin boundary structurally controlled by a westward-dipping normal fault. The general NW-SE trend of the Loyalty system slightly changes north and south of about 2O"lO'S to N 135" E and N 125" E, respectively.
The NNW-SSE direction characterises the Loyalty
Ridge's blocks bounded north and south by WSW-ENE faults. The NNW-SSE trends of the canyon located at 21"s between Ouvéa and Lifou and the channel in the Loyalty Basin, at 20"20'S, 165'40' E are structurally controlled by this fault set. 3. The WSW-ENE-trending faults that crosscut the Loyalty Ridge are either vertical-throw faults hounding the ridge's horsts or strike slip faults that offset the ridge either sinistrally at 19'20' S and 20"15'S, or dextrally at 20" S ( Figure 11 ). At this latitude, south of l'Astrolabe reef, a major WSW-ENE-trending fault extends from 164' 55' E to 166" E and crosscuts the Loyalty system. This fault, located where the basin abruptly deepens to the north, probably corresponds to a vertical-throw fault. However, magnetic data indicate that the NW-SE-trending lineations of the Loyalty basin and ridge, respectively negative and positive, are dextrally offset from about 30 km along this transverse fault. Furthermore, seismic reflection data reveal that the WSW-ENE-trending fault zone, characterised by an upraise of the acoustic hasement, outcrops westwards near 20'05's (X on Figure lo ), at its junction with the NW-SE-trending New Caledonia -Loyalty Basin boundary ( Figure   11 ). We interpret the 20" S WSW-ENE fault as a fracture zone, confirming previous studies of Bitoun et Récy (1982) . This pre-existing potential weak zone is recently reactivated into a dextral strike-slip fault. 4. WNW-ESE directions are present between the 20'40' S SW-NE-trending high and 20' S, along the eastern margin of New Caledonia and within the central part of the Loyalty Basin. These trends are, to the west, normal faults bounding the 20'40's high northern flank, and to the east, scarps that abut against the NNW-SSE-trending margin of the Loyalty Ridge. 
Discussion
In contrast to other subduction zones, the shallow seismicity in the New Hebrides Arc cannot be described easily due to the structural complexity of both the subducted and overlying plates (Louat et al., 1988) . Bathymetric irregularities such as the d'Entrecasteaux fracture zone and the Loyalty Ridge occur on the subducted plate near the plate boundary. Between 14"30 S and 17" S, the subduction of the d'Entrecasteaux zone forces the north and the south section of the New Hebrides Arc to separate rigidly away from the central block, and develops strike-slip motion along the lateral boundaries of the central block (Collot et al., 1985) .
Although on the scale of the Loyalty Ridge collision physical indentation does not really occur (i.e. the New Hebrides trench is still present, recorded shallow seismicity on the subducting plate indicates mainly normal faulting), the coupling between lower and upper plates may be strong enough to generate horizontal compressive stresses.
Within the collision zone, Monzier et al. (1990) and Monzier (1993) found evidence for the accretion of Loyalty Ridge blocks on the inner wall of the New Hebrides trench, and interpreted it as due to the resistance of the ridge to subduction. They identifed that the interplate thrust zone shifted towards the trench and the compressive front jumped on the outer trench wall. According to these authors, a different evolution of the convergence occurs north and south of 22" S where a W-E sinistral strike-slip fault affects the arc and the edge of the downgoing plate.
West of the collision zone, along the Loyalty system basins and ridges, Bitoun et Récy (1982) published an isochron map of the acoustic basement based on seismic reflection profiles. They identified rises of the acoustic basement located near 17" 15' S, 18"40' S, 20'10' S, and 23" S, and interpret these sills as WSW-ENE-trending aseismic fracture zones that crosscut the basin. However, these authors report two earthquakes of magnitude 3.5 and 3 (1979) aligned on the 2O"lO'S sill.
Despite the absence of reliable focal mechanism solutions, we think that these two earthquakes may indicate recent reactivation of the WSW-ENE-trending fault zone, .through strike slip motion. The 20" S +-- Fig. 9 . ZoNBCo 2 seismic line P37 that crosses the Loyalty Ridge horsts. For location, see WSW-ENE-trending dextral strike-slip fault, probably recent as it affects the whole Loyalty system and outcrops at the junction with the New Caledonia -Loyalty Basin boundary, confirms the dextral strikeslip component of the 21'30' S earthquake, east of Maré (Monzier, 1993) . The identification of the Loyalty system structural features shown in Figure 12 , is basedon the interpretation of the swath bathymetry, seismic reflection and magnetic data acquired during the ZoNéCo 1 and ZoNéCo 2 cruises.
North of the Loyalty Ridge-New Hebrides Arc collision zone, the 20" S WSW-ENE dextral fault system is interpreted as due to the early effects of collision with the New Hebrides Arc. According to Monzier (1993) , north of 22" S, the intense collision does not totally prevent the convergence, normal to the trench and driven by the subduction of the oceanic lithosphere of the North-Loyalty Basin. We interpret the 20"s WNW-ESE dextral system as a boundaring sliding fault zone within the northern segment of the Loyalty system (Lafoy et al., 1995b) . North of 20" S, the N135" E-trending part of the Loyalty system is dominated by the subduction of the North-Loyalty Basin oceanic crust. South of 20'S, between this latitude and 22" S, the N125" E-trending part is subjected to the Loyalty-New Hebrides collision.
South of the Loyalty Ridge-New Hebrides Arc collision zone, south of 23'50' S, magnetic and seismic reflection data support a sinistral motion along the WSW-ENE strike-slip faults. These faults crosscutthe generally NNW-SSE-trending Loyalty system. Therefore, the WSW-ENE sinistral fault system in the southern segment of the Loyalty system is interpreted as due to the early effects of collision with the New Hebrides Arc (Lafoy et al., 1995a) . South of 23"50' S, the NNW-SSE-trending Loyalty system is dominated by the subduction of the South-Fiji Basin oceanic crust subjected to fracturing by the WSW-ENE sinistral faults. Between 23'50' S and 22" S, the arc microplate is probably strongly coupled with the Australian plate (Monzier, 1993) and the Loyalty system is subjected to the Loyalty-New Hebrides collision.
The NNW-SSE trend that structurally controls the Loyalty system is present on the New Caledonian mainland (Figure 12) . A main fault separates the units of the "central chain" to the west, and the "ophiolites" to the east (Paris, 1981; Cluzel et al., 1994) . The NNW-SSE trend therefore might be an inherited structural direction as it affects both New Caledonia and the Loyalty system. We think that this trend might have been reactivated through extension related to the AUStralian plate lithospheric bulge. Sinistral strike-slip faults ,that offset the Loyalty Ridge N 135" E and N 125" E-trending guyots at 19'20' S and 20'15' S, respectively, probably pre-date the recent collision.
As stated by Monzier (1993) , the onset of the collision is probably recent (began some 300 O00 years ago). However, we think that the Loyalty Ridge probably influences, since about 3 Ma when the activity of the North Fiji Basin N-S spreading axis started (Auzende et al., 1988) , the subduction at the southern arcuate New Hebrides trench, through its action on the bulge of the downgoing plate. On the overriding Pacific plate, the Loyalty-New Hebrides collision may have caused the activity of the 22's W-E sinistral fault (Monzier, 1993) that crosscuts the southern part of the North Fiji Basin (Figure 12) , and that probably represents the recent southern boundary between the Australian and Pacific plates.
Conclusions
New bathymetric and geophysical data were acquired at the southern and northern segments of the Loyalty system during the ZoNéCo 1 and 2 cruises, respectively. These data reveal the along-strike horst and graben structure of the Loyalty Ridge and the asymmetric morphology of the Loyalty system. Along the southern segment of the Loyalty system, south of the Loyalty Ridge-New Hebrides Arc collision zone, in spite of sparse shallow seismicity that indicates normal faulting on the down-bending Australian plate, magnetic and seismic reflection data support a sinistral motion along the WSW-ENE faults. South of 23'50 S, WSW-ENE strike-slip faults crosscut the generally NNW-SSE-trending Loyalty system -NorfolWNew Caledonia Ridge. The WSW-ENE sinistral fault system in the southern segment of the Loyalty system is interpreted as due to the early effects of collision with the New Hebrides Arc. South of 23"50 S, the subducted South-Fiji Basin oceanic crust is fractured by WSW-ENE sinistral faults, whereas north of 23'50' S the eastern edge of the Loyalty system is subjected to the Loyalty-New Hebrides collision.
Along the northern segment of the Loyalty system, north of the Loyalty Ridge-New Hebrides Arc collision zone, magnetic and seismic reflection data give evidence for a WSW-ENE dextral strike-slip system, confirming the sole known strike-slip earthquake mechanism solutidn identified on the Australian plate, near 21'30' S. Therefore, we interpret the 20" S, WSW-ENE dextral fauit in the northern segment of the Loy-' alty system as resulting from the early effects of collision with the New Hebrides Arc. The WSW-ENE strike-slip fault ïs interpreted as a boundaring sliding fault zone with, north of 20°S, subduction of the North-Loyalty Bash oceanic crust, and south of this latitude, collision between the Loyalty system and the New Hebrides Arc.
The Loyalty-New Hebrides collision is inferred from our'data, both by the recent fracturing of the Loyalty system (at 20" S and south of 23"50' S), and by the uplift of the central part of the Loyalty Basin. This uplift probably took place along the 20"40'S, SW-NE-trending structural high that marks morphological changes in both the Loyalty Basin and the New Caledonia eastern margin.
South of the 20'40' S high, the NW-SE-trending negative magnetic lineation that extends southward within the Loyalty Basin, could represent the eastern edge of the New Caledonian ophiolite.
The NNW-SSE trend, that structurally controls the Loyalty system south and north of the Loyalty-New Hebrides collision zone, and that occurs on New Caledonia, is interpreted as an inherited structural direction. This trend may have been reactivated through extension related to bulging of the Australian plate adjacent to the trench.
We interpret the morphology, structure and evolution of the Loyalty system as resulting from the combined effects of the Australian plate lithospheric bulge, the active Loyalty-New Hebrides collision, and the overthrust of the New Caledonian ophiolite.
